The LBL Magnetic Measurements Engineering (MME) Group has developed a Real-Time Data Acquisition System (DAS) for magnetic measurements. The design objective was for a system that was versatile, "portable," modular, expandable, quickly and easily reconfigurable both in hardware and software, and inexpensive. All objectives except the last were attained. An 
have been used where possible. Operational capabilities include: (1) measurement of high permeability materials, (2) harmonic error analysis of (a) superconducting dipoles and (b) rare earth cobalt (REC) and conventional quadrupole magnets, and (3) 0.1% accuracy x-y mapping with Hall probes. Results are typically presented in both tabular and graphical form during measurements. Only minutes are required to switch from one measurement capability to another. Brief descriptions of the DAS capabilities, some of the special instrumentation developed to implement these capabilities, and planned developments are given below.
Introduc t ion
The MME DAS was developed to meet LBL requirements for magnetic measurements, requirements which are both varied and unpredictable. Often, our two-man group is not informed of the specifications for a measurement until shortly before the results are needed. We have been asked to make an harmonic analysis of a quadrupole on the same day we were scheduled to make permeability measurements. Although it would be more convenient for us to make magnetic measurements in one of our three limited-purpose MME laboratories, the power structure at LBL has discouraged us from moving the Bevatron raw data is plotted in real time. Post-processing programs curve fit in the vicinity of the peaks determining peak magnitude and positions for the 57-pole wiggler. Other post-processing programs make expanded scale plots of the fields measured. The wiggler magnet is reported in Reference 5; some of our measurements are included in this report.
Harmonic Error Analysis of Dipole and Quadrupole Magnets
Error harmonics and the fundamental signal are measured using search-coil arrays rotating slowly on a symmetry axis of the magnet. A single search coil detects the fundamental signal during the first cycle of rotation. The search-coil arrays are reconfigured to buck the fundamental and lower harmonics during the second rotational cycle, allowing the measurement of higher harmonics with excellent resolution. Data is first drift corrected, then harmonic analysis is done using the Fast Fourier Transform Technique.
We plot the drift-corrected raw data and a semilog bar graph of the error harmonic ratios. A table of the error harmonic ratios and their phases relative to the fundamental is printed. For a quadrupole magnet, the measurements, data processing, and output described above require about 90 seconds.
We have developed a post-processing program for "fixing" permanent magnet rare earth cobalt (REC) quadrupoles.7-9 The shims required to "zero" selected harmonics are calculated. An REC quad can be measured, shimmed, and remeasured within a half hour.
Several specialized electronic modules have been developed for harmonic analysis systems. The MME very low noise Programmable Search Coil Switching Module feeds signals to the MME Precision Programmable Bipolar V/f converter, which in turn feeds a latchable up-down counter in an LBL logic bin. The combination of the V/f converter and up-down counter functions as a digital integrator. While the "digital integrator" continues to count, the contents of the counter are periodically latched and sent to the computer by pulses from an optical encoder mounted on the shafts of the search-coil arrays, i.e., data is collected "on the fly."
Permeability Measurements
Because the conceptual design for a permeameter suggested by Dr. Klaus Halbach in 1978 used a technique for determining magnetic intensity that is unique among permeameters described in the literature, we have suggested that the measurement technique and the D.C. permeameter be named after Halbach.10 A cylindrical sample is "sandwiched" between the pole tips of an electromagnet. The "B-coil" surrounds the central portion of the sample in the usual manner. Magnetic intensity, H, is determined from a separate measurement of magnetic induction, B, using the following unique technique. A 0.080-inch diameter axial Hall probe measures B in a small (0.100-inch diameter) hole located on the symmetry axis of the sample. Hair 
